SUMMARY Eye-head co-ordination of patients with Parkinsonism and cerebellar ataxia was investigated and compared with that of normal subjects. In Parkinsonian patients eye-head co-ordination was of the same pattern as normals, with an accurate and stable gaze. Reaction times for both eyes and head, however, were prolonged. It was also noted that the contribution of head movements to gaze shift was abnormally large and that the gaze accuracy was decreased when the head was immobilised. In patients with cerebellar ataxia, gaze was dysmetric, often hypermetric, and was unstable during head movements. The contribution of head movements to gaze was also large. It is concluded that Parkinsonism and cerebellar diseases influence eye-head co-ordination differently.
In everyday life, eye movements are naturally associated with head movements. Both the head and eyes move to fixate the image of the target on the fovea, especially when a visual stimulus is presented far from the centre of vision. Bizzi and his collaborators' showed that when a visual target is presented laterally to a monkey, the eye makes an initial saccade to fix the target on the fovea and then counter-rotates as the head begins turning toward the target. There is evidence that the initial saccade and the following head movement are centrally pre-programmed, while the counter-rotation of the eyes compensating for head turning is produced by the vestibulo-ocular reflex.
Clinical eye movement tests usually are performed with the head fixed. However, assessment of eye movements under the head-free condition may provide new information about naturally occurring eye movements as well as eye-head co-ordination processes. The purpose of this communication is to show how the eyes and head move in co-ordination in normal subjects as well as patients with Parkinsonism and cerebellar ataxia. It will be shown that the gaze is accurate and stable in Parkinsonian patients, while that in Parkinsonism (four males and five females aged from 28 to 74 years, mean 57-2), and nine patients with cerebellar ataxia (six males and three females aged from 24 to 55 years, mean 42-0) were examined. The neurological findings of the patients are summarised in tables 1 and 2. In all subjects vision was normal and eye movements were of full range.
The diagnosis of the spinocerebellar degeneration was based on the criteria of the tentative classification of the spinocerebellar degenerations2 proposed by the Japan Research Committee on Spinocerebellar Degenerations: the predominantly cerebellar form including late cortical cerebellar atrophy and olivoponto-cerebellar atrophy, the cerebello-spinal form including Marie's ataxia, the predominantly spinal form, the degeneration of cerebellar nuclei and related systems including dentato-rubro-pallido-luysian atrophy3 and others.
Recording apparatus Head movements were recorded using a high speed, closed circuit television system (X-Y tracker, Hamamatsu TV Co) which was originally designed for measurement of eye movements. 4 Both horizontal (X) and vertical (Y) movements of a small lamp placed on the forehead of the 509 fig 2A) . The mean fig 2C) . The gain of the vestibulo-ocular reflex in the dark was determined in two patients, and it was larger than that of normals (table 6). The reaction times of head and eye movements were longer than those of normals (p<0 02). The mean velocity of an initial saccade was not different from that of normals (table 3) . In summary, patients with cerebellar ataxia showed marked disturbances in gaze accuracy and stability during head movement. The frequency of occurrence and the amplitude of dysmetric gaze at the end of an initial saccade and of an unstable gaze were larger than in normal subjects.
Comparison of gaze between the head free and head fixed conditions In four subjects of each group the gaze at the end of an initial saccade under the head free condition was compared with that when the head was restrained (figs 3A and B). In normal subjects and patients with cerebellar ataxia the frequency and amplitude of dysmetric gaze were not different in these two conditions. In the Parkinsonian patients, however, the frequency, but not the amplitude, of dysmetric gaze was increased under the head fixed condition (p<001). Accurate gaze was attained more often at the end of an initial saccade when both the head and eyes were allowed to move in Parkinsonian patients.
Discussion
When a subject desires to redirect his gaze in a natural environment, he moves both the eyes and the head to image an object of interest on the fovea. Under our test condition of 300 gaze shift, however, normal subjects usually moved the eyes quickly toward the target without any appreciable head movements. This is in agreement with previous observations in normal human subjects when they made gaze shifts of less than 400.6
In the evolution of mammals, eye movements became dominant over movements of the body axis and head.7 The saccade associated with head movements is thought to be more reflexive in nature and phylogenetically older than voluntary saccades without head movements.8 Normal children become able to make voluntary saccades without moving the head after the age of five years. 9 In normal subjects, awareness of being examined presumably activates the phylogenetically newer mechanism to make 300 gaze shifts without any discernible head movement. In contrast, patients with Parkinsonism and cerebellar ataxia always moved their heads as well as their eyes, and the contribution of head movements to the gaze shift was large. This could be explained if the phylogenetically newer mechanism is much more susceptible to the brain lesions than the older one, the latter thus becoming dominant in these patients. The gaze of Parkinsonian patients was very stable during head movements, perhaps due to an adequate vestibulo-ocular reflex. Since the gaze accuracy in Parkinsonism was decreased when the head was fixed, Parkinsonian patients seem to achieve accurate gaze by using the phylogenetically older mechanism instead of the newer one.
The saccadic velocity in Parkinsonism was not decreased in comparison with that of normals; other reported results are conflicting, perhaps owing partly to the method of measuring eye velocity and partly to the pathology of the patients.'10-2 The prolonged reaction times of head and eye movements are in agreement with previous reports12'14 and may be a part of the bradykinesia of Parkinsonism.
The characteristics of eye-head co-ordination in patients with cerebellar ataxia included dysmetric, particularly hypermetric gaze at the end of an initial saccade and unstable gaze during head turning. Saccadic dysmetria has been observed both in experimental animals and in patients with cerebellar lesions.15-20 Our results showed that gaze dysmetria also occurred in conjunction with the head movement.
The gaze of patients with cerebellar ataxia was often unstable during head movements. There might be three reasons for a drift of gaze during head turning: (1) the slow phase of gaze nystagmus, (2) inability to maintain the eyes laterally, and (3) inappropriate compensatory eye movements for head turning. For example, the drift of gaze after an initial saccade in fig 1D could be due to nystagmus. Counter-rotation of the eyes for head turning is influenced by vestibular, visual and neck afferents. But it was shown in monkeys that the vestibulo-ocular reflex is most responsible for gaze stability during head turning. 21 In patients with cerebellar dysfunction, hyperactive caloric and rotational responses and an increased gain of the vestibulo-ocular reflex (peak eye velocity/peak head velocity) have been observed,19 22 23 and adaptive modification of the vestibulo-ocular reflex by the cerebellum has been demonstrated in experimental animals.2426 In fact, the gain of the vestibulo-ocular reflex was increased in our patients, although only two patients were evaluated. The inappropriate vestibulo-ocular reflex N Shimizu, M Naito, and M Yoshida seems to be partly responsible for the unstable gaze during the head movement in our patients.
An initial saccade and the following head movement of eye-head co-ordination are centrally preprogrammed and are completely adequate even when a visual target is turned off just prior to the eye movement.1 21 Disturbances of the predictive control of the ballistic gaze shift and adaptive gain control of the vestibulo-ocular reflex by the cerebellum may account for the dysmetric and unstable gaze observed in patients with cerebellar ataxia.
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